
Project Introduction

One of the most important physical discoveries, and largest surprises, over the
past decade has been the discovery of the mysterious, so-called dark energy.
This dark energy is responsible for the rapid acceleration of the expansion of
the universe, originally inferred through the observations of supernovae.
Observations of the cosmic microwave background (CMB) provide a method of
constraining the dark energy, in addition to providing a wealth of information
about other important cosmological parameters. Specifically, in recent years,
the development of highly-sensitive instrumentation on orbital and ground-
based platforms, including WMAP, ACT, and SPT, have allowed for
unprecedented measurements and mapping of the CMB, yielding major
advances in our understanding of the characteristics and shape of the
universe, the nature of the baryonic matter, and the growth of large scale
structure. In spite of these advances, however, many further mysteries
remain locked within future characterization of the CMB, most notably
including direct probes of dark matter and energy. To address these scientific
initiatives, I will engage in high-resolution observations of the CMB, through
the development and deployment of a novel, polarization-sensitive receiver for
the Atacama Cosmology Telescope (ACTpol). In its own right, ACTpol will be a
next-generation facility to upgrade current instrumentation on one of the
highest altitude, permanent-structure, ground-based observatories in the
world, ACT. Specifically, it is this transition from ACT to ACTpol
instrumentation development and science to allow for measurement of CMB
polarization, directed by a multinational research collaboration, which is the
critical focus of my graduate-level research in the group of Mark Devlin, my
academic faculty advisor at the University of Pennsylvania (Penn). That the
scope of this work will allow for long-term critical technology development on
a ground-based platform is of particular importance to future NASA-supported
CMB polarization orbital missions. Much in the same way that the development
of suborbital missions such as TOCO and Boomerang led to the ultimate
success of orbital missions such as WMAP and Planck, respectively, the
instrumentation development of ACTpol will allow for field-tested, systems
level technology development, and drive the ultimate scientific objectives of a
future satellite CMB polarization mission. As a result, the reach of this program
of research will reside within a critical framework of design, implementation,
and characterization of ACTpol instrumentation as it will support advances in
the technical readiness levels of technologies that will fly on future orbital
platforms fielded by NASA. This phase of my research will be conducted in
close partnership with personnel at the NASA Goddard Space Flight Center
(GSFC) in Greenbelt, MD, under the direct advisement of GSFC astrophysicist,
Edward Wollack, who has a strong tradition of partnership with detector
development for the ACT collaboration. In particular, the cryogenic, detector,
and interface electronics that I will develop on ACTpol will support a myriad of
near-term NASA science technology directives. These science area programs
include the Technology Development for Physics of the Cosmos Program
supporting the Technologies for CMB Polarization Measurements and dark
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matter detection directives, as well as the Technology Development for the
Cosmic Origins Program to strengthen research into mission enabling
technologies, including high-sensitivity millimeter wavelength detectors, in this
case transition edge sensitive (TES) detectors, and advanced normal incidence
optics, with a particular focus on the fielding of dilution refrigerator cooled
cryogenic optics with novel anti-reflective coatings. This proposal documents
the efforts to support these initiatives through the development of advanced
millimeter imaging technologies.

Anticipated Benefits

In recent years, the development of highly-sensitive instrumentation on orbital
and ground-based platforms, including WMAP, ACT, and SPT, have allowed for
unprecedented measurements and mapping of the Cosmic Microwave
Background (CMB), yielding major advances in our understanding of the
characteristics and shape of the universe, the nature of the baryonic matter,
and the growth of large scale structure. In spite of these advances, however,
many further mysteries remain locked within future characterization of the
CMB, most notably including direct probes of dark matter and energy. To
address these scientific initiatives, this project engages in high-resolution
observations of the CMB, through the development and deployment of a novel,
polarization-sensitive receiver for the Atacama Cosmology Telescope (ACTpol).
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Organizations Performing Work Role Type Location

University of Pennsylvania Supporting Organization Academia Philadelphia, Pennsylvania

Primary U.S. Work Locations

Pennsylvania
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